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Abstract
Schizophrenia is characterized by significant and widespread impairments in the regulation
of emotion. Evidence is only recently emerging regarding the neural basis of these emotion
regulation impairments, and few studies have focused on the regulation of emotion during
effortful cognitive processing. To examine the neural correlates of deficits in effortful emo-
tion regulation, schizophrenia outpatients (N = 20) and age- and gender-matched healthy
volunteers (N = 20) completed an emotional faces n-back task to assess the voluntary
attentional control subprocess of emotion regulation during functional magnetic resonance
imaging. Behavioral measures of emotional intelligence and emotion perception were
administered to examine brain-behavior relationships with emotion processing outcomes.
Results indicated that patients with schizophrenia demonstrated significantly greater activa-
tion in the bilateral striatum, ventromedial prefrontal, and right orbitofrontal cortices during
the effortful regulation of positive emotional stimuli, and reduced activity in these same
regions when regulating negative emotional information. The opposite pattern of results
was observed in healthy individuals. Greater fronto-striatal response to positive emotional
distractors was significantly associated with deficits in facial emotion recognition. These
findings indicate that abnormalities in striatal and prefrontal cortical systems may be related
to deficits in the effortful emotion regulatory process of attentional control in schizophrenia,
and may significantly contribute to emotion processing deficits in the disorder.
Introduction
Schizophrenia is characterized by significant impairments in the processing and regulation of
emotion [1]. Stress and emotion dysregulation are both prominent contributors to outcome in
people with the disorder [2, 3], and while their experience of emotion is similar to others [4],
growing evidence is accumulating that individuals with schizophrenia have considerable diffi-
culty in regulating their emotional experiences [5]. Challenges in emotion regulation have
important implications for functional outcomes, given the contribution of managing emotions
to role performance [6] and successful interpersonal interactions [7].
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Current models of emotion regulation have outlined two broad domains of investigation: (1)
an effortful (i.e., voluntary) domain where the regulation of emotion is conscious and explicit, and
(2) an automatic domain where little to no conscious effort is involved in modulating emotional
responses [8, 9, 10]. Phillips and colleagues outlined an influential neural model of emotion regu-
lation which posited three effortful subprocesses consisting of suppression, reappraisal, and volun-
tary attentional control, each with their own supporting neural mechanisms [9]. Voluntary
attentional control may be a particularly important subprocess of emotion regulation to under-
stand in schizophrenia, given evidence of cognitive and attentional impairment in the disorder
[11]. This subprocess was defined by Phillips et al. as consisting of "(1) selective attention, to direct
or redirect attention toward goal-related stimuli, and (2) inhibition, to distract from goal-irrele-
vant stimuli" [9]. Other influential models of emotion regulation have identified similar effortful
subprocesses, including "attentional deployment" outlined by Gross [8], and assessments of this
subprocess often involve completing cognitive tasks while attempting to inhibit attention to task-
irrelevant emotional stimuli [9, 12]. Neural networks shown to be involved in the voluntary atten-
tional control subprocess of emotion regulation include the dorsolateral prefrontal, anterior cin-
gulate, and orbitofrontal cortices, amygdala, paralimbic regions, and the parietal cortex [9].
Unfortunately, the neural basis of voluntary attentional control deficits related to effortful
emotion regulation in schizophrenia have remained largely unknown, making precise treat-
ment targets difficult to discern for intervention developers seeking to address problems in this
domain. A small number of studies have begun to investigate the neural correlates of voluntary
emotion regulation deficits, generally, in this population. Becerril and Barch [13] used an n-
back paradigm with emotional faces as target stimuli and found dorsolateral prefrontal, hippo-
campal, and basal ganglia hyperactivity in response to faces of negative emotions in patients
with schizophrenia. Anticevic and colleagues conducted a series of studies using negative emo-
tional distractors during working memory tasks, and found that patients with schizophrenia
fail to demonstrate appropriate prefrontal recruitment in response to negative distractors, per-
haps due to altered fronto-limbic connectivity [14, 15, 16]. Another study by van der Meer and
colleagues [17] found that patients with schizophrenia demonstrated significantly reduced ven-
tromedial prefrontal and medial-temporal brain activity when attempting to reappraise nega-
tive emotion-provoking photographs. These findings suggest the feasibility of identifying
neural signatures associated with deficits in the effortful regulation of emotion in schizophre-
nia, and indicate that negative emotional stimuli may produce significant fronto-limbic inter-
ference to the voluntary attentional control subprocess of emotion regulation. However,
findings have been mixed, the impact of positive emotions has yet to be fully examined, and no
information is available on whether disruptions in voluntary attentional control are associated
with behavioral disturbances in emotion processing frequently observed in the literature [18].
This study employed an emotional faces n-back task widely used in affective disorders [19,
20] to examine neural abnormalities in the voluntary attentional control subprocess of the
effortful emotion regulation processing stream of patients with schizophrenia relative to
healthy volunteers. We hypothesized that relative to healthy controls, individuals with schizo-
phrenia would demonstrate significant fronto-limbic hyperactivity in response to emotional
face distractors when completing a working memory task, and that this hyperactivity would be
related to behavioral deficits in emotion processing.
Materials and Methods
Participants
Study participants included 20 outpatients with schizophrenia or schizoaffective disorder and
20 age- and gender-matched healthy volunteers. Patients with schizophrenia who were 18 to
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50 years of age, who were diagnosed with schizophrenia or schizoaffective disorder verified by
the Structured Clinical Interview for DSM-IV (SCID) [21], who were psychiatrically stable and
adherent to prescribed antipsychotic medications, and who had a IQ> 80 were recruited for a
study of social-cognitive brain function in the disorder. Healthy volunteers were included if
they were free from a current psychiatric disorder according to the SCID. MRI contraindica-
tions, a history of medical disorders producing cognitive impairment, significant neurological
conditions, persistent suicidal/homicidal behavior, or significant substance abuse problems
were exclusion criteria for both patients with schizophrenia and healthy controls. Table 1 pres-
ents demographic and clinical characteristics of the study sample. Patients were younger, the
majority (55%) were in the first 8 years of the condition, and none were experiencing their first
episode of psychosis. Patients and controls were well-matched with regard to age and gender,
but healthy individuals were significantly more likely to be white and had higher IQ scores
than those with schizophrenia.
Emotional Faces N-Back Task
Brain functions supporting the voluntary attentional control subprocess of effortful emotion
regulation were assessed using an emotional face n-back paradigm [20]. An n-back task is a
working memory task that asks participants to respond when they view a stimulus that is iden-
tical to a stimulus presented n trials previously. A 0-back task is primarily an target detection
task, where participants are asked to identify a target stimulus as it is presented (e.g., respond
when you see the letter M). A 2-back task is an effortful working memory task, where partici-
pants are asked to identify whether the current stimulus is identical to that presented two trials
previously (e.g., A—B—A). This emotional faces n-back task consists of a standard n-back par-
adigm with 0- and 2-back conditions presented in random order. To introduce emotional
information into the task, to which attention must be voluntarily controlled, n-back blocks ran-
domly include happy, fearful, neutral, or no face distractors flanked on each side of target n-
back stimuli (letters). Participants are instructed to ignore the emotional distractors and simply
to focus on completing the cognitive demands of the working memory task. In this way,
Table 1. Demographic and Clinical Characteristics of Individuals with Schizophrenia and Healthy Volunteers.
Healthy Volunteer (N = 20) Schizophrenia (N = 20)
Variable M (SD) M (SD) pa
Age 26.50 (5.82) 27.80 (6.61) .513
Male, N (%) 13 (65%) 14 (70%) 1.000
White, N (%) 16 (80%) 7 (35%) .010
Attended College, N (%) 18 (90%) 15 (75%) .407
IQ 106.55 (6.67) 97.90 (8.11) .001
Diagnosis, N (%) -
Schizophrenia - 9 (45%)
Schizoaffective Disorder - 11 (55%)
Illness Duration, yrs - 4.85 (3.18) -
Receiving second generation antipsychotic, N (%) - 18 (90%) -
Antipsychotic dose, cpz equivalence - 308.08 (235.89) -
BPRS [36] Total 21.90 (1.59) 38.05 (10.42) < .001
Global Assessment Scale [37] 86.35 (6.67) 54.30 (11.85) < .001
Note. BPRS = Brief Psychiatric Rating Scale
aResults of independent sample t-tests or Fisher's exact test, two-tailed
doi:10.1371/journal.pone.0149297.t001
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participants are required to engage in effortful emotion regulation to direct their attention
away from irrelevant emotional stimuli to complete the n-back task. Emotional face stimuli
consisted of grayscale happy, fearful, or neutral faces from the NimStim dataset [22], normal-
ized for size and luminance, and balanced by gender. Each task block consisted of 12 trials with
n-back and emotional distractor conditions randomly distributed across blocks. All blocks
began with n-back instructions for the block presented for 3500ms, followed by individual tri-
als of the n-back stimuli (with happy, fearful, neutral, or no emotional distractors) for 500ms
and an interstimulus interval jittered at an average of 3500ms. All emotional distractor condi-
tions were presented once for 0- and 2-back conditions for an approximate total task time of 6
minutes and 56 seconds. The 0-back condition is included primarily to reduce response habitu-
ation during 2-back trials, and since the focus of this research is on examining the impact of
emotional distractors on effortful non-emotional cognitive performance, analyses were limited
to the 2-back condition.
Behavioral Measures of Emotion Processing
To examine the association between neural response to the effortful regulation of emotion and
behavioral measures of emotion processing, emotion perception and emotional intelligence
data were collected using the Penn Emotion Recognition Test [23] and the Mayer-Salovey-
Caruso Emotional Intelligence Test (MSCEIT) [24]. The Penn Emotion Recognition Test is a
40-item forced-choice measure of facial emotion perception, where participants are asked to
match an emotional label with happy, sad, fearful, angry, or neutral faces. The MSCEIT is a
141-item performance-based measure of the four domains of emotional intelligence outlined
by Salovey and Mayer [25]. The instrument is performance-based in that participants are
asked to solve emotional problems, which are scored based on normative responses, rather
than to self-report on their emotional abilities. Previous studies have found both the Penn
Emotion Recognition Test and the MSCEIT to have acceptable psychometric properties in
healthy and psychiatric samples [26, 27, 28].
Image Acquisition and Processing
Neuroimaging data were collected on a 3-T Siemens Tim Trio scanner with 12-channel head
coil. Functional MR data were acquired using an echo T2-weighted sequence with real-time
motion correction (voxel size of 3.2 x 3.2 x 3.1mm, TR = 2000ms, TE = 28ms, bandwidth = 3004
Hz/px, flip angle = 90˚, FOV = 205mm, 64 x 64 matrix, 39 slices, slice thickness = 3.1mm).
Structural MR data used for normalization were collected using a 3DMPRAGE sequence in
the axial orientation (voxel size of 1.0mm, TR = 2200ms, TE = 3.31ms, flip angle = 9˚,
FOV = 256mm, 256x192 matrix, 192 slices, slice thickness = 1.0mm). Functional images were
inspected for significant motion or other artifacts, preprocessed in Statistical Parametric Map-
ping software, version 8 (Wellcome Department of Cognitive Neurology, Institute of Neurol-
ogy, London, UK), and smoothed using an 8mm Gaussian kernel. A standard indirect
normalization pipeline was used to normalize functional MR data based on each participant's
own structural data, with the exception of two participants (1 patient and 1 control) whose
structural data were inadequate for normalization and for whom preprocessing relied upon a
standardized echo-planar image template provided by SPM.
Procedures
Participants were recruited fromWestern Psychiatric Institute and Clinic and surrounding
community clinics in Pittsburgh, PA. Upon recruitment, potential participants were screened
for eligibility using the SCID and Ammon's Quick Test [29]. Participants then completed MRI
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procedures, including the emotional n-back task, and on a separate day behavioral measures of
emotion processing by trained research technicians. All participants were trained on the com-
pletion of the different n-back conditions outside of the scanner on a practice computer before
neuroimaging data collection. This study was approved and reviewed annually by the Univer-
sity of Pittsburgh Institutional Review Board, and all individuals provided written, informed
consent prior to participation. Decisional capacity to provide informed consent was evaluated
by trained research staff, and any participants incapable of understanding and communicating
the research procedures, risks, and benefits to these staff were excluded from the study. Paren-
tal or guardian consent was not pursued in such cases, and given the medication adherence
and psychiatric stability inclusion criteria for the study, no potential participants needed to be
excluded due to inability to provide informed consent.
Data Analysis
Differences in fronto-limbic brain function during the emotional faces n-back task between
patients with schizophrenia and healthy controls were examined using general linear models
constructed in SPM 8. After preprocessing, first-level task models were then constructed using
condition onset times as primary predictors and BOLD signal response as the dependent vari-
able, with motion parameters and BOLD signal outliers included as confounding covariates
using the Artifact Detection Tools [30]. All trials, regardless of accuracy, were included in first-
level models. Subsequently, second-level region of interest models were constructed to examine
participant group (schizophrenia vs. control) x condition (happy, fearful, neutral) pairwise
interactions, which included all study participants, regardless of task performance. First-level
contrasts used to represent these conditions compared the specified emotional face trials to no
face trials (e.g., happy—no faces, fearful—no faces) within the same n-back level (0- or 2-back).
Fronto-limbic regions of interest were specified using the Wake Forest University PickAtlas
toolbox [31], with regional definitions outlined by Tzourio-Mazoyer and colleagues [32] and
included the bilateral amygdala, striatum (caudate, putamen, and pallidum), orbitofrontal, dor-
solateral prefrontal, ventromedial prefrontal, insular, and anterior cingulate cortices, as well as
the nucleus accumbens. Type I error was maintained at p = .05 using a combined voxel and
uncorrected p-value threshold of k = 79 and p = .005, respectively, based on 10,000 Monte
Carlo simulations using 3dClustSim based on AlphaSim [33]. All second-level fMRI models
adjusted for between-group differences in age, gender (0 = female, 1 = male), IQ, and race
(0 = non-white, 1 = white). Behavioral data were examined using generalized linear mixed-
effects models, also adjusting for demographic and IQ confounders. Behavioral correlates of
BOLD signal activity were investigated using within-group correlation models of the associa-
tion between emotion processing measures and regional brain activity.
Results
Task Performance
Analysis of differences between individuals with schizophrenia and healthy volunteers on accu-
racy during the emotional n-back task indicated no significant differences between participant
groups and no significant group by condition interactions, all p> .271 (see Table 2). Overall
accuracy on the task was high, but as expected, significantly reduced in the 2-back compared to
0-back condition, χ2(1, N = 40) = 33.59, p< .001. Reaction time was also significantly slower
for the 2-back versus 0-back condition, F(1, 1308) = 219.47, p< .001, with patients with schizo-
phrenia demonstrating significantly greater response latency during 2-back trials compared to
healthy individuals, F(1, 1308) = 13.05, p< .001. Two patients did not have reaction time data,
as while they responded to the task, their target responses were incorrect. No other significant
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group, condition, or group by condition interactions were observed, and there were no signifi-
cant differences in the accuracy or speed with which participants completed the task when
emotional distractors were present.
Fronto-Limbic Brain Function during Voluntary Attentional Control
Comparison of fronto-limbic BOLD signal response during the emotional faces n-back task for
individuals with schizophrenia versus healthy controls indicated significant differential pat-
terns of brain activity when completing 2-back trials during different emotional conditions. As
can be seen in Table 3, patients with schizophrenia had significantly reduced right striatal activ-
ity in response to fearful versus neutral faces compared to healthy individuals. Further, those
with schizophrenia exhibited greater right orbitofrontal cortex activity when presented with
happy versus neutral faces compared to controls.
Given the diametric pattern of responses to fearful and happy faces in patients with schizo-
phrenia compared to healthy volunteers, the largest pattern of between-group differences
emerged when directly contrasting BOLD signal response to these two emotional conditions.
As can be seen in Fig 1, a clear disordinal interaction existed between fearful and happy
Table 2. Emotional Faces N-Back Task Performance Among Individuals with Schizophrenia and
Healthy Volunteers.
Group
Healthy Volunteer
(N = 20)
Schizophrenia (N = 20)
Outcome M SE M SE
Accuracy (%)
0-Back
No Faces 97.80 1.43 95.91 1.89
Fearful Faces 98.39 1.15 96.67 1.57
Neutral Faces 98.37 1.16 96.34 1.71
Happy Faces 97.78 1.44 96.66 1.58
2-Back
No Faces 94.89 2.72 92.69 3.15
Fearful Faces 91.99 3.87 92.80 3.11
Neutral Faces 94.94 2.70 93.08 3.00
Happy Faces 96.21 2.15 93.81 2.72
Latency (ms, log)a
0-Back
No Faces 6.27 .08 6.33 .08
Fearful Faces 6.32 .08 6.33 .08
Neutral Faces 6.32 .08 6.33 .08
Happy Faces 6.35 .08 6.34 .08
2-Back
No Faces 6.45 .08 6.59 .08
Fearful Faces 6.47 .08 6.54 .08
Neutral Faces 6.52 .08 6.58 .08
Happy Faces 6.44 .08 6.62 .08
aTwo participants were excluded from latency analyses, as while they responded to the task, their target
responses were incorrect
doi:10.1371/journal.pone.0149297.t002
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Table 3. Fronto-Limbic Differences in Brain Activity Between Individuals with Schizophrenia and Healthy Volunteers During the Emotional Faces
N-Back Task.
MNI Coordinates
Contrast (x, y, z) Cluster Size Location BA t p Direction
Fear—Neutral 14, 12, 6 113 Striatum - 3.95 < .001 SZ < HC
Happy—Neutral 32, 24, -12 99 Orbitofrontal cortex 47 3.38 .001 SZ > HC
Fear—Happy -14, 2, -6 255 Striatum - 4.53 < .001 SZ < HC
-34, 40, 2 178 Ventromedial prefrontal cortex, orbitofrontal cortex 47 3.94 < .001 SZ < HC
26, 20, -2 131 Striatum - 3.37 .001 SZ < HC
40, 26, 12 113 Ventromedial prefrontal cortex 13 3.53 < .001 SZ < HC
30, 30, -12 94 Orbitofrontal cortex 47 3.51 < .001 SZ < HC
Note. BA = Brodmann Area, HC = Healthy Control, SZ = Schizophrenia
doi:10.1371/journal.pone.0149297.t003
Fig 1. Fronto-Limbic Differences in Brain Activity Between Individuals with Schizophrenia and Healthy Volunteers During Voluntary Attentional
Control of Positive Versus Negative Emotions.
doi:10.1371/journal.pone.0149297.g001
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conditions and participant group, such that patients with schizophrenia demonstrated reduced
limbic activity in the bilateral striatum during the fearful face condition and increased striatal
activity in the happy face condition. Conversely, the opposite pattern was observed in healthy
volunteers, with increased striatal response during fearful trials and little to no differential
striatal response during happy trials. Individuals with schizophrenia also displayed significant
prefrontal hyperactivity in the bilateral ventromedial prefrontal cortex and right orbitofrontal
cortex during happy versus fearful trials compared to controls. For the left ventromedial pre-
frontal cortex, this effect was at least partially driven by an inhibited prefrontal response to
fearful trials. Taken together, these findings suggest significant fronto-limbic disengagement
during the effortful processing of fearful emotions when completing a working memory task in
schizophrenia, and an excessive striatal and prefrontal cortical response to the voluntary atten-
tional control of positive emotional stimuli in the disorder.
Behavioral Correlates of Fronto-Limbic Brain Function during Voluntary
Attentional Control
Having found that patients with schizophrenia displayed significant fronto-limbic dysregula-
tion in response to fearful and happy face conditions, a series of within-group correlation anal-
yses were conducted to examine the association between BOLD signal response and measures
of emotion processing. With regard to task performance, increased left ventromedial prefrontal
activity during happy face trials was associated with reduced accuracy on the emotional faces
n-back task within the schizophrenia (r = -.55, p = .012), but not control group (r = .03, p =
.747). Schizophrenia patients performed significantly worse than controls on the MSCEIT (p =
.003) and were slower to respond (p = .032), but were not significantly less accurate on the
Penn Emotion Recognition Test (p = .095). Although emotion perception accuracy was not sig-
nificantly related to fronto-limbic brain activation in either patients or healthy volunteers, a
consistent pattern of relationships was observed with regard to response time to recognize
facial emotion expressions in patients (see Fig 2). Increased striatal, orbitofrontal, and ventro-
medial prefrontal cortical responses to happy faces were significantly associated with greater
response latency on the Penn Emotion Recognition Test among individuals with schizophre-
nia, but not controls. Further, reduced right ventromedial prefrontal cortex activity in response
to fearful faces was also related to slower response time in identifying facial expressions of emo-
tion in those with the disorder, but not healthy individuals. When examining the MSCEIT,
only reduced left striatal activity during happy face conditions was associated with increased
emotional intelligence in healthy controls (r = -.54, p = .014), but not patients (r = .32, p =
.164). Finally, no significant associations were observed between antipsychotic dosage and
BOLD signal response in the striatum, ventromedial prefrontal, or right orbitofrontal cortex
(mean |r| = .08, range of r = -.29 to .37).
Discussion
Emotion dysregulation is a core characteristic of schizophrenia that is an important therapeutic
target for improving recovery outcomes [1, 5]. This study examined abnormalities in the neural
correlates associated with the voluntary attentional control subprocess of effortful emotion reg-
ulation in outpatients with schizophrenia and healthy volunteers using a well-established func-
tional neuroimaging paradigm frequently applied in affective disorders [19]. Contrary to our
hypothesis, patients with schizophrenia did not demonstrate fronto-limbic hyperfunction dur-
ing the voluntary attentional control of negative emotions, but rather showed a decrease in
BOLD signal activity in the bilateral striatum and left ventromedial prefrontal cortex in the
presence of fearful faces. In contrast, when presented with happy face distractors, patients
Emotion Regulation in Schizophrenia
PLOS ONE | DOI:10.1371/journal.pone.0149297 March 1, 2016 8 / 13
demonstrated hyperfunction in the striatum, ventromedial prefrontal, and right orbitofrontal
cortex, whereas the opposite pattern of results was observed in healthy individuals, who tended
to increase fronto-limbic activity in response to fearful faces and decrease such activity when
presented with positive emotional distractors. Further, increased fronto-limbic activity during
Fig 2. Associations Between Fronto-Limbic Brain Activity and Emotion Perception Reaction Time in People with Schizophrenia and Healthy
Volunteers. HC = Healthy Control; SZ = Schizophrenia.
doi:10.1371/journal.pone.0149297.g002
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positive emotion conditions was related to greater latency of response during emotion percep-
tion in patients with schizophrenia, but not controls. Such findings may indicate significant
fronto-limbic dysfunction during the voluntary attentional control subprocess of effortful regu-
lation emotion in schizophrenia, with considerable striatal and prefrontal inefficiency in regu-
lating positive emotions in the disorder.
The absence of prefrontal hyperactivity during the voluntary attentional control of negative
emotions in this study is different than several recent investigations of the neural correlates of
emotion regulation in schizophrenia [13]. Some studies that have observed prefrontal hyper-
function during the effortful regulation of negative stimuli have had an explicit focus on those
stimuli for task completion (e.g., remember when a negative face was presented two trials pre-
vious), whereas emotional stimuli in this study were purely distracting, which may explain dif-
ferences in the valance-specific findings. We tentatively hypothesize that when negative
emotional stimuli are task-relevant, individuals with schizophrenia become fixated on those
emotions and thus demonstrate an inefficient coordination of prefrontal resources, whereas
when negative stimuli are not task-relevant, patients tend to quickly disengage from (and per-
haps avoid orienting to) those stimuli facilitating task completion. Behavioral data from this
study, while not significant, supports this hypothesis with patients completing negative trials
the fastest (M = 645.50 ms) and positive trials the slowest (M = 698.02 ms), which was not the
case for controls. Task-irrelevant positive stimuli appeared to be much more difficult for
patients to regulate, and required significantly greater fronto-limbic resources, similar to what
others have observed in affective disorders [34]. This pattern of results indicates a need for
future studies to attend to challenges surrounding the effortful regulation of both positive and
negative emotions in schizophrenia.
Despite the implications of this study for understanding the neural basis of effortful emotion
regulation deficits in schizophrenia, these findings need to be understood within the context of
several limitations. First, the sample size was modest, which may have precluded the detection
of smaller effects in other brain regions (e.g., amygdala). Second, while participant groups were
well-matched with regard to age and gender, they were not matched on race or IQ, which may
have contributed to observed differences between schizophrenia patients and healthy volun-
teers. Between-group second-level fMRI models included these characteristics as confounding
covariates to address this issue. Third, although antipsychotic dose was not related to BOLD
signal response in any of the brain regions showing significant group differences, the prolonged
and varied exposure to psychotropic medication among participants with schizophrenia repre-
sents an important potential source of influence on these findings. Future studies could prof-
itably examine the degree to which significant fronto-limbic abnormalities persist among first-
episode patients who have yet to receive long-term exposure to antipsychotic treatments.
Fourth, a behavioral assessment of the perceived impact of emotional stimuli was not con-
ducted, although numerous previous studies have shown consistent neural abnormalities to
similar emotional faces in schizophrenia [35]. Further, BOLD signal responses to emotional
distractors could reflect not only the voluntary control of attention during effortful emotion
regulation, but also the general processing of emotional stimuli. It will be important for future
studies to advance experimental paradigms that can disaggregate such processes. Finally, the
sample was limited by diagnostic heterogeneity, with 45% of patients diagnosed with schizo-
phrenia and the remaining with schizoaffective disorder. Caution should be used when inter-
preting the diagnostic specificity of these findings, as it is unclear whether the results of this
research are specific to patients with schizophrenia, schizophrenia-spectrum disorders, or psy-
chiatric disorders more generally. Several findings suggest that the abnormalities exhibited dur-
ing emotion regulation in this sample of patients with schizophrenia and schizoaffective
disorder may overlap substantially with those with bipolar and major depressive disorders [9],
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and it will be important to take a trans-diagnostic approach in future investigations, as neural
deficits in the effortful regulation of emotion may represent a core deficit and therapeutic target
across a variety of psychiatric disorders.
In summary, this study indicates that patients with schizophrenia may have significant
fronto-limbic abnormalities when completing a task that requires the voluntary attentional
control of emotional stimuli, with significant striatal and prefrontal disengagement during the
regulation of negative emotions and significant hyperactivity in these same regions when pro-
cessing positive emotional information. Despite limitations in diagnostic specificity, case-con-
trol matching, and sample size, these findings highlight the role of the striatum, ventromedial
prefrontal, and orbitofrontal cortices in contributing to voluntary attentional control deficits in
effortful emotion regulation in schizophrenia and suggest the importance of attending to and
treating deficits in both effortful positive and negative emotion regulation in the disorder.
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